ANNEX3 

PpIX can be derived from AlA methyl ester witiiout a hydrolysing step to ALA 



Metabolism of ALA ineth>4 esten 

Little is known how ALA methyl ester enters the heme pathway. The first step is 
shown for ALA below: 
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Figure 1. Formation of porphobilinogen (PBG) from ALA 
(ALA-D: ALA-dehydratase) 

For the mefliyl ester obviously two possibilities exist; 1) flie ALA mefliyl ester is 
hydrolysed to ALA followed by PBO formation as (Mitlined in Figure 1, and 2) ALA metiq^l 
ester enters directly the first step in the pathway to heme. This requires of course that Ae 
ALA ddiydratasc has a specificity for the ALA methyl ester. Thus, di-methyl PBG will be 
formed This step has, however, never been demonstrated in Ae literature. The two pathways 
are shown in Figure 2. 




Figure 2. Formation of protoporphyrin IX ^pIX) 
(ALA'D: ALA dehydratase). 

It is obvious fliat the ester groups need to be removed one way or another befctt:e 
PpDC is formed. 

In order to investigate tfie possibility that ALA dehydratase is able of converting die 
ALA methyl ester directly, we performed an experiment in ^ch ALA or ALA medgrl esta: 



was mixed with ALA*^ehydratase and FBG fomiation was measured after different 
incubation times. The results are shown in Figure 3. 



Effect of ALA dehydratase on ALA or ALA methyl ester 
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FigoreS. Formatioii of PBG or di methyl PBG. 

AIA or ALA mediyl ester (20 mM) was mixed widi 
ALA-debyrdiatase (in 200niM K-phosphate buffer pH 6.8, 10 mM DTT) 
and allowed to react for indicated intervals of time. PBG was quantified 
spectropliotometiically after derivatisatioii with p-dimediylamino- 
benzaldehyde. 

It is evident from Figure 3 that flie ALA. dehydratase is able of converting the ALA 
mettiyl ester directly, since it is unlikely that hydrolysis to ALA occurs within minutes at pH 
6.5. It can also be seen that fee enzyme converts ALA at a high rate and the ester at a 
somewhat lower rate. The lower rate would be expected for a derivative of the normal 
substrate. 

It should be emphasised, however, that no attempts were made to characterise the 
enzymatic product and the en^matic product was determined by an indirect approach. 
Finally, the possibili^ that ALA and fee ALA mefeyl ester spontaneously formed dimcrs 
during the c}?)eriracntal period - and that duners were measured instead of PBG - was ruled 
OTit as (he dimmzation process takes mudi longer time. 
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Systemic vs, localized uptake after administration of AlA and AIA methyl ester 
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ANNEX5 

Oigan PpDC-fluorescence after topical application of ALA or ALA-esters 
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ABSTRACT 

TopicaUy applied S-aininoievuUiilc acid is used efficiently 
for the treatment of solar keratoses by photodynamic 
therapy. Recent animal studies suggest that porphyrin 
sensitization of epithelial tissue is hnproved by ushig es- 
ters rather than free S^aminolevulinic add. The present 
study examines pgrphyrin metabolite formation after 
topioit application of B^minolevnlinlc add or 5-aniino- 
levuibdc add methylester in human solar keratoses ver- 
sus adjacent normal skin. Levds of total porphyrins, por- 
phyrin metabolites and protein were measured hi sWn 
samples excised after 1 and 6 )u Higher levels of porphy- 
rins were observed in solar keratoses than in normal skin 
with both substances. Maximum porphyrin levels were 
present in solar keratoses treated with 6-amtaolcvulinic 
add for 6 h. However, the ratio of porphyrins In solar 
keratoses versus adjacent normal skin was higher with S- 
arakiolevuiinlc add methylester. The pattern of porphy- 
rins showed no significant difference between normal and 
afflicted sldn, protoporphyrin being predominant The 
results suggest that application of free 8-ainlnolevulinic 
add may be more efTective hi sensitizing solar keratoses. 
However, treatment with ^-aminolevulinic add methyles* 
ter leads to a preferential enrichment of porphyrins with- 
in leslonal skin. 

INTRODUCTION 

niotodynamic therapy (PDT)t with 5-amiiiolcvulinic acid 
hydrochloride (ALA) is based on the administradba of ALA 
to the diseased skin and subsequent irradiation of die por- 
pl^rin-sensitizcd tissue with red light (1). Tiimor necrosis is 
induced by reactive oxygen species targeting biological 
membranes as well as by vascular damage leading to tumor 
ceU anoxia (2). Topical ALArPDT was shown to be highly 
efTective in the treatment of solar keratoses (SK), superficial 
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basal cell carcinonoa and superficial squamous cell carcino- 
ma (13-6) without serious adverse effects (7). 

Accomalation of high Inlialesional porphyrin levels is es- 
sential for effective ALA-PDT, Previously, we showed that 
irradiation 1-6 h after ALA application was optimal in su- 
perficial cpidiclial skin nimors in relation to adjacent normal 
skin (8). However, the homogeneity of porphyrin sensitiza- 
tion of neoplastic cutaneous tissues needs to be augmented 
for improved response rates in ALA-PDT. Higher lipophil- 
idty of ALA esters permits more effective penetration of 
cutaneous tissue as compared to free ALA. In a recent study, 
the topical application of ALA esters led to higher poiphyrin 
fluorescence in mouse skin when compared with ALA hy- 
drochloride (9). 

Thcicfote, here we examined the formation of porphyrins 
after topical application of ALA and ALA methylester 
(ALA-ME) in SK and adjacent normal skin (NS>. 

MATERIALS AND METHODS 

Materials, Tissues samples of SK and NS adjacent to ihc lesions 
(each n =» 40) were obtained from patients **ho undcrv*-ent surgery. 
Tissue samples v^w taken as follows: without subsuate application 
(n = 8). I h after application of ALA (n » 8) or ALA-ME (n = 8) 
and 6 h after application of ALA (n ■ 8) or ALA-ME (n = 8). One 
part of the cxdscd tissue was examined histopathologicaUy. Each 
patient received comprehensive Infomiation about the scope of the 
study. 

AlA trtattnent and photodynamic diagnosis (PDD), Based on 
pilot studies of topical ALA applk»tion (8) and on clinkil experi- 
ence in ALA-PDT (3,4,6), of 20% ALA hydrochloride (Merck, 
Darmsuidt Germany) or the short-chain methyl ester (Sigma AMrich 
Chanie, Deisenhofen, Germany) were mixed in an ointment (Neri- 
has*, Schcring, Bcriin. Genmany) and 0.2 g of thb mixnnc was 
applied to a I cra^ skin area (=40 mg^cm=) of SK or NS. Tireaied 
skin was covered with an ocdusive foil (Tcgadcrro*, 3M Healthcare, 
Boricen, <3ermany), ^auic. aluminum foil and tape to enhance tissue 
pcnctraUon and avoid photobteachhig of porphyrins. After I or 6 h, 
the ointment was removed and the treated area was illuminated with 
Wood's light (Ruotcste, Xenotest, Hanau, Germany; 370-403 nm). 
Detected fluorescence intensity was expressed scmiquamitaUvely 
relative to a fluorescence standard. The fluorescent uea was marlced. 
Basal values were obuined from untreated controls. 

Prepartaion of skin samples. Only superficial layers of skin (<1 
mm) were included in the study because of the limited penetradon 
of topically applied ALA (10-12). Immediately after excision, tissue 
samples were frozen in liquid nitrogen and stored at -80^ 

Deiermination of total porphyrin and protein levtU. Tissue sam- 
ples were weighed and cut into small pieces. After homogenlxation 
wiih an Uliraiurtax and ccntrifugation at 3000 U/min for 10 min. 
pon)h>-rins were isolated with 1.0 N perchloric acid/methanol (1/1, 
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Table I. Fluorescence intensities of tissue^ treated by 6-aimnolc- 
vulinic acid or 5-aminolcvuUmc acid mcthylcsicr* 







^-Aminolevulinic 




(-Aminolevulinic acid 


acid methylester 




I h 6h 


1 h 6h 


Nonnal skin 


1,1 ± 0.2 1.9 2: 0.3 


O.S ± Oa 0.8 £ 0.2 


Solar keratoses 


1,9 £ 0-2 2.9 ± 0.1 


1.4 £0.2 1.9 £ 0.2 



•Huoresccnce intensiitcs of skin treated by &-aminotevulinic acid or 
&-aminolcvolinic acid methylester irradiated by Wood's light 
<370-405 nm, 10 cm distance. 5 mW/cm^. Values are given 
according to a fluorescence standard: 0 " no fluorescence. 3 « 
maximum nuorescence (n = 8; mean ± SEM). 



vol/vol). In the supernatant^ the total porphyrin level was assessed 
by fluorescence spectroscopy (PcrWn Elmer LS-5, Ubcrlingcn, Ger- 
many); emission was recorded between 520 and 700 nm at an ex- 
citation wavelength of 405 nm (Sorci band). A pTOtopoT>h>Tin stan- 
daixl was obUined from Porphyrin Products (Logan, UT, USA) (13). 
Protein levels were determined in the pellet (14). 

The relative porphyrin enrichment was expressed by the ratio of 
porphyrin tccumulaiion in SK vienus adjiaccnt NS. 

PorphvHn metabotUts, The supernatant was adjusted with acetic 
octd to pH 3-4. pocphyrins were bound to talcum, esterificd and 
meubolites were identified by HPLC with fluorescence detection (L- 
7480, Merck Hitachi, Darmstadt Germany) using a porphj^in sUn- 
daid mixture (Porphyrin Products) for quaniificatjon (I5.l6j. The 
following meubolites were analyzed: protoporphyrin, tricarboxylic 
porphyrin, coproporphyrin. pentacarboxylic porphyrin, hexacarbpx- 
ylic porphyrin, hepiacart>oxylic porphyrin and uroporphyrin. The lat- 
ter four porphyrins are assigned as highly carboxylaied porphyrins. 

Statisticut calculation, StaUsticat analysis was performed by Stu- 
dent's Mcsi. Data arc repotted as means r SEM. Changes were 
considered sutistically significant when the P value was <P,05, 

RESULTS 

Fluoresceace intensities of treated tissues 

Fluorescence intensity was higher in SK topically treated 
with ALA for 6 h. Fluorescence was weaker for ALA-ME 
dian for ALA in normal skin (Table 1). 

Basal total porphyrin levels 

In untreated (issues, the levels of total poiphyrins were sim- 
ilarly low: 1.2 ± 0.1 in nonnal skin and 1 J ± 0.1 nmol/g 
protein in SK (Fig. 1 and Table 2). 

Total porphyrin levels after topical application of 
ALA or ALA-ME 

Topical application of both compounds led to increased por- 
phyrin levels in SK when compared with NS, Highest levels 
were detected at 6 h. The ALA Cre^tment induced Idghest 
porphyrin values: 36.4 i 4.0 in SK and 7.2 ± 0.5 nrool/g 
piotein in NS adjacent to the lesions (Rg. lA). Using ALA- 
ME as substrate, porphyrin levels in SK were 14,9 ± 2.2 
nmol/g protein, which U less than 50% of the amount in- 
duced by ALA (Fig. IB). Furtheimore, lowest porphyrin lev- 
els were detected in NS treated with ALA-MB (1.7 + 0.2 
nmol/g protein), which is four tiroes less than for ALA. 

The reladve porphyrin enrichment, the ratio of flic 
level In SK versus NS (SK/NS). showed maximum values 
at 6 h: 5.1 for ALA and 8.7 for ALA-ME (Fig. 2). 
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Figure 1, Porph\-rin levels in normal skin (NS. open squares) and 
solar keratoses iSK, filled squarfe*) without and I and 6 h atter top- 
ical application of 8-aminolevulinic acid (ALA) or ^-aminolevulinic 
acid methylester (ALA-ME). A. Usin^ ALA. in both tissues, irouc- 
imum porphyrin levels were measured at 6 h. The SK accumolated 
mom porphyrins (J6.4 ± 4.0) than NS (7.2 £ 0.3 nmoUg ptotdn; 
•/» < 0.005 SK vs NS). B. Using ALA-ME, porphyrin accumulation 
was less than uiih free ALA (A). In SK increased porphyrin syn- 
thesis was detected when compared with NS. Distinct differences 
already occurred at 1 h: SK 3.7 £ 0.5 and NS IJ ± O.l <•/> < 0.05 
SK vj NS). Maximum porphyrin levels were measured at 6 h (SK; 
14.9 r 2.2 and NS: 1.7 = 0J2; < O.Ol SK NS). 



Porpliyrin metabolite levds 

The basal panero of porphyrin metabolites was comparable 
in both untieat^ tissues with protoporphyrin as the predom- 
inant metabolite (89-91%) followed by uropoiphyrin andco- 
propqrphyrin (Table 2). The pattern of metabolites remained 
unchanged upon treatment Prot(^)orphyrin was still the pre- 
dominant metabolite (8^-91%) and accumulated in both tis* 
sues over the period of 6 h (Table 2). 

DISCUSSION 

Porphyrin metabolite formation in liuman SK and adjacent 
NS after topical application of ALA-ME versus ALA was 
investigated in the present sttidy. Highest levels of pori^y- 
rins arc achieved after 6 h in both tissues. Recent biochem- 
ical studies on the time coarse of ALA-induced porphyrin 
accumulation In epithelial skin tumors showed that maxi- 
mum intralesional porphyrin levels were measured between 
I and 6 h (8). Thwefore. the present smdy was focused on 
the application times 1 and 6 h. 

Porphyrin accumulation was more intense using ALA thaii 
ALA-ME, suggesting that ALA may penetrate the epidermal 
barrier with subsequent conversion into porphyrins slighdy 



' sio * aemens Fritsch et al. 
Table 2. Porphyrin levels and dUcnu^uon of pocr^yrin metabolites 6 h after substrate appkiwacion* 

Hcxacar- Hcptatar- 

Total Proto- Copro- Pcntacarboxylic boxyUc boxylic 

porphyrins por)^yrin porphyrin poq)byrin porphyrin porphyrin Uroporphyrin 
Substrate (nmol/g protein) (%) (%) {%) (%) (*) W 



Normal skin 


No 


1.2 Z 


0.1 


91 




7 


3 




I 




ALA 


7.2 i 




90 




2 


0 




1 




ALA-ME 


1.7* 


0.2 


89 




2 


0 




0 


Solar keratoses 


No 


1.3 Z 


O.l 


89 




7 


3 




3 




ALA 


36.4 i 


4.0*^ 


90 




I 






1 




ALA'ME 


14.9 ± 


2.2t 


82 




4 


8 


-t- 


2 



1 2: I 


0 ± 1 


0 :!: 4 


1 ± 3 


0 ± 0 


0 ± 0 


4 ± 1 


7 £ ) 


0^0 


1 ± 0 


4 i 0 


6 ± 1 


0*0 


0 ± 1 


1 ± 1 


7 ± 9 


0 £0 


2* 1 


2 ± 0 


3 ± 1 


0 £ 1 


2 * I 


5 £ 1 


5 ± 1 



♦ Data arc given as nmol porphyrin/g protein and percent total porphyrins (n = 6; mean ± SEM: •P < 0.005. < 0.01: solar keratoses 
vs normal skin). Porphyrin pailcms showed no signiftcam differenices between solar ktratosies and normal skin. ALA » ^aminolevulinic 
acid; ALA-ME « d-aminolevulinic add methylcsicr. 



more efficiently than ALA-ME, which requires hydrolysis 
after penetration. However, using ALA the lesion*adjaoent 
nonnal skin also accumulated relatively hiigh porphyrin 
amounts. Thus, topical application of ALA-ME diminishes 
porphyrin sensitization in normal skin. Regarding the rela- 
tive enrichment in poiphyrin levels SK/NS, ALA-ME seems 
preferentially to penetrate the damaged skin and abnormal 
cells of SK (Fig. 2). The low levels of porphyrins in peri* 
lesional NS migiu be primarily due to weak penetration of 
ALA-ME through intact skin, less formation of porphyrins 
otit of the ester form due to slower deesterification in nonnal 
kcratinocytes or lower leakage of intralesional formed por- 
phyrins into tbe perilesional tissue as previously posmlated 
for ALA (8). 

The fonnation of porphyrins after topical application of 
ALA esters was recently investigated in murine skin (9). All 
ALA derivatives studied there (methylcstcr* cthylestcr and 
propylester) showed higher induction of porphyrin fluores- 
cence than free ALA, particularly after a prolonged appli- 
catioii time of 14 h. In contrast, our human in vivo data show 
ttizi NS is less sensitized with porphyrins using ALA-ME 
when compared with ALA. The use of different species and 
the lack of net^lastic tissue in the mice niight explain the 
different results. It is known that perilesional NS, as exam- 



Solar Keratoses / Normal Skin 




Control Ifa *k 



Figure 2. Ratio of total porphyrins In solar keratoses (SK) venus 
nonnal skin (NS) after topical application of 20% 6-aminolevulinic 
acid (ALA; open squares) or S-aminolex-uUnic acid n^thylester 
(ALA-ME: filled squares). The ALA-ME ircauncm produced sig- 
nificantly higher ratios of porphyrin levels tSK/NS) when compared 
with ALA treatment: at 1 h the ratio wa» 2.9 CP < 0.05 ALA-ME 
vs ALA) and at 6 h 8,7 < OiOl SK i jt NS) was measured. 



ined in our study, accumulates about throe times more por- 
phyrin than NS distant from lesions such as squannotis cell 
carcinomas when treated topically by ALA (8). Thus, it is 
surprising that the NS localized close to ^ SK accumulated 
only low poiphyrin levels upon treatment with ALA-ME. 
Specificity of ALA-ME versus ALA may also differ de- 
pending on the time of application. 

The porphyrin metabolite patton shows that any distur- 
bance of the heme-biosynthests-associated enzymes seems 
to be not relevant in human SK. The accumulation of higher 
total porphyrin levels appears to be the major effect respon- 
sible for Intralesional photosensitizdtion. 

The penetration depth of porphyrin fluorescence induced 
by topical ALA was shown to be inhomogenous (10- 12,17- 
19). Further studies have to show whether ALA esters arc 
superior to free ALA with respect to homogenous poiphyrin 
fonnation in neoplastic lesions. 

In topical ALA-PDT, local photosensitivity commonly 
lasts up to 48 h (6). Tbe higher lesional selectivity of ALA- 
ME-induced porphyrins provides for a reduction in cutane- 
ous light sensitivity, particularly in perilcsiona) NS (8). 
Based on in vitro data it might-be speculated that long-chain 
ALA esters are more efficient in PDT than ALA or short- 
chain ALA esters (20). Optimum tfficacy of topical PDT 
may be expected if irradiation of SK Is perfoimed 6 h after 
treatment with ALA-ME. Application of ALA-ME also op- 
timizes photodynamic diagnosis (FDD), a novel effective di- 
agnostic modality in tumor detection and demarcation 
(5,6JL22). 

Thcrcfort:; the use of ALA-esters in PDT tod PDD seems 
to be a promising modality with highly selective intralesion- 
al porphyrin formation. 

Acknowiedgemem-'-CF, has been supported by a gxam of the Deut- 
sche Forschungsgemcinschaft (Fr .1 174/1-1 ). 

REFERENCES 

I. Kennedy, J. C, R. H. Potlicr and D. C Prosi (1990) Photody- 
namic therapy with endogenous protopoxphyrin DC: baste prin- 
ciples and present clinical experience. J. Photochem. PhotobioL 
B Bioi 6. 143-148. 

X Pass, H. I. (1993) Photodynamic therapy in oncology: mecha- 
nisms and Clinical use. / Natl Cancer Inst, 85, 443-453. 

3. Wolf. P., E. Riegcr and H. Keri (1993) topical photodynamic 
therapy with endogenous porphyrins after application of 5-ami- 
nolevulinic acid. / Am. Acad, Dermatol, 17-21. 



PhotochenUst and Photobiotogy. 1998. 68(2) 221 



4. Caliavara-Pinton, P. G. (1995) Repciiiive photodynamic thera- 
py with topical d-aminolacvulimc acid as an appropriate ap- 
proach to the itHitiDC treatment of superficial non-melanoma 
ikin tumours. I. Photochem. PhosatfioL B BioL 29, 53-37. 

5 Pritsch, C. P. M. Becker-Wegerich. K. W. Schulte, W. Ncuse, 
P. Lehmamu T. Ruzicka and O. Goerz (1996) Treatment of a 
iMjc superficial basal cell carcinoma of the breast with com- 
bination of phoiodynamic therapy and surgery controlled by 
photodynamic diagnosis. Hautaru 47, 438-442. 

6. Fritsch, C O. O0CT2 and T. Ruzicka (1998) Photodynamic ther- 
apy in dermatology. A review. Ardu Dermatol >34, 207-214. 

7. Fritficb. C, B. Verwohlt, K. Bolsen, T. Ruzicka and G. Goerz 
(1996) Influence of topical photodynamic therapy with 5-arai- 
nolevuUnic acid on the porphyrin metabolism. ArcK Dermatol 

288. 517-521. ^ ^ 

8. Friisch, C W. Stahl. K. W, Schulte. H. Sies, G. Goerz, L. P. 
Lehnuum and T. Ruzicka (1998) Opumum pcHrphyrin fonnanon 
in skin tumors and psoriasis lesions after topical application of 
^-aminolevulinic itcid. X Dermatol 110, 673. 

9. Peng, Q., J. Moan, T. Warioc. V. lani, H. B. Steen. A. Bjorseth 
and J. M. Nesland ( 1996) Build-up of esterified aminolevulinic- 
acid-derivativc-induccd porphyrin fluorescence in normal mouse 
skin. y. Phoiochem. Photobiol. B Blot. 34. 95-96. 

10. Martin, A. W. D. Tope, J. M. GreveUnk, J. C. S^a^- /• 
Fewkes, T. J. Flotte, T. F. Dcutsd* and R. R. Anderson (1995) 
Lack of selectivity of protoporphyrin IX fluorescence for basal 
cell carcinoma after topical applicauon of 5-amiBolcvulimc 
acid: implications for photodynamic therapy. Ardu Dematol 
Res, 287. 665-^74. 

1 1. Szcimies, R, M.. T. Sassay and M. Undthaler (1994) Penetra- 
tion potency of topical applied ddia aminolevulinic acid for 
photodynamic therapy of basal cell carcinoma. Photachem. Pho* 
tobiol 59, 73-76. 

12. Ptng, Q., T. Warioc J. Moan, H. Heyerdahl a B, Siecn, J. M. 
Nesland and JC-E. Gicrcksky (1995) Distribution of 5-amino- 
Icvulinic acid-induced porphyrins in noduloulcerative basal cell 
carcinoma. PhotocHem, Photoblol 62, 906-913, 

1 3 Friisch, C, C. Abels, G. Coetz, W. StehU K. Bolsen, T. Ruzicka, 
C. Goerz and H. Sies (1997) Porphyrins preferentially accu- 



mulate in a melanoma following intravenous injection of 5-ami- 
nolcvulinic acid. Biol Chem, 378, 51-57. 

14. Lowry. H., N. J. Rosenbroug^ A. L. Farr and R. J. RandaU 
(1951) Ptx)tein measurement With the fblin phenol reagent 7. 
Bioi Chem, 2^775, 

15. Scubeit, A, and S. Scubert (1982) Wghi)erformancc Uquld 
chromatographic analysis of porphyrins and their »JJ|»?57 
radial compression colimms. Anal Bipchem. 124, 303-307. 

16. Fritsch, C. J. Baiz, K. Bolsen, JC W. Schulie. M. Zomdick, T. 
Ruzicka and G. Goerz (1997) £x vivo application of ALA m- 
duccs high and specific poiphyrin levels in human skin mmots. 
Possible basis for selective photodynamic therapy. Photochem, 

PHotoifhiee, iiArUS. , _ 

17. Warioc, T., Q. Peng, H. B. Steen and K. E Giercksky (1992) 
Localization of porphyrins in human basal cell carcinoma and 
normal skin tissue induced by topical applicaUon of 5-amino- 
levuliniC acid. In Photodynamic Therapy <md Biomedieal La- 
sers, (Edited by P. Spindli, M. Del Fantc and R. MarchcsinI), 
pp. 454-458. Elsevier, Amsterdam. 

18. Stringer, M. R;, P. Collins, D. J. Robinson. G, I. Stables and R. 
A. Sheehan-Dare (1996) The accumulation of protoporphyrin 
IX in plaque psoriasis after topical application of 5-amlnole- 
vullnic acid indicates a potential for flhotodynamic tfierapy. 7. 
invest, Dermaioi, 107, 7fr-8l. 

19. Malik, G. Kosienich, L, Roiiman, B. Ehrenberg and A. Or- 
cnstcin (1995) Topical application of 5-«minolcvulinic aicld, 
DMSO and EDTA: protoporphyrin DC accumulation in sidn and 
tumours of mice. 7. Photochtm. PhptobioL B Biol, 28, 21«I8. 

20. Gaollier. J. M., K. Berg. Q. Peng, H. Anholl, P. K. Selbo, L. 
W. Ma and J. Moan (1997) Use of 5-aminolevuUnic actd esters 
to improve photodynamic therapy on ceUs in cuture. Cancer 
Res, SI. 1481-1486. . „ . « „ , 

21. KriegmAif, M., R. Baumgaitner, R, Knttchel, H. Siepp, F. Hof- 
stfidter and A. Hofstcticr (1996) Detection of eariy bladder caiv- 
cer by 5-amm6levultnic acid induced porphyrin fluorescence. /. 
Urol. 155. 103-109. ^ _ ^ 

22. Fritsch, K, Kalka, P. Uhmann, K. W, Schulte, W. Ncuse, 
T. Ruzicka and G. Goerz (1997) Fluorescence detection of 6- 
aminolcvulinic acid-induced porphyrins (phoiodynamic diag- 
nosis) in dermatology, Z Hautkr, HH} 8, 570-576. 



ANNEX? 



Piefeiential poiphyrin enrichment in the lesion area 



This figure is a selection of Figure 23 of W096/28412, the International Patent 
Application from which US Patent implication Serial No. 08/913>257 is derived. 



